Protein kinase C (PKC) is a multifunctional serine/threonine specific protein kinase, first described by Nishizuka and colleagues (Takai et d., 1977) , that is dependent upon Ca2+, phospholipid and diacylglycerol (recently reviewed Nishizuka 1986; Woodgett et af., 1987) . The enzyme is widely distributed and has been purified to apparent homogeneity from a number of sources (see Woodgett et al., 1987) .
The properties of PKC have suggested that in intact cells, activation will occur in response to diacylglycerol production (Takai et al., 1979) ; this neutral lipid permitting activation of PKC within the physiological range of Ca2 + concentrations. Circumstantial evidence that diacylglycerol can have such a second messenger role in the activation of PKC has been provided by studies employing membrane-'permeable' diacylglycerols such as 1-oleyl-2-acetyl glycerol (Kaibuchi et al., 1983) and 1,2-dioctanoyl glycerol (Davis et al., 1985) or biologically active phorbol esters which have been shown to mimic the effects of diacylglycerol in vitro (Castagna et al., 1982) .
Diacylglycerol can be produced physiologically through the action of phospholipase C enzymes on membrane phospholipids. In particular, the breakdown of phosphoinositides has received much attention with respect to PKC, in view of the rapid agonist-induced activation of phosphoinositide-specific phospholipase C and some circumstantial evidence that PKC is indeed involved downstream of such responses (see, e.g. Ieyasu et al., 1982) . The polyphosphoinositide phosphatidylinositol 4,5-bisphosphate appears to be a major target for hydrolysis and the water-soluble product inositol 1,4,5-trisphosphate, that is liberated coincidentally with the diacylglycerol, is involved in the regulation of cytosolic Ca2+ (Streb et al., 1984) . Thus it has been suggested that these two second messengers can act synergistically in the activation of PKC.
The cloning of PKC cDNAs from four mammals has now been reported (bovine, Parker et a[., 1986; human, Coussens et al., 1986 human, Coussens et al., , 1987 rat, Knopf et al., 1986; Ono et al., 1986; rabbit, Ohno et al., 1987) , as well as from Drosophila (Rosenthal et al., 1987) . For the mammals these studies have revealed the presence of at least four highly related polyeptides which we have designated PKC-a, -@,, -@, and y P see Coussens et a [., 1986, 1987) . These polypeptides are derived from three genes (for man: a-chl7; @-chl6; y-chl9;
Coussens et al., 1986) with human PKC-PI and -P2 being derived from alternative splicing of exons at the 3'-end of the @-gene (Coussens et al., 1987) . One further related gene product has been partially defined through cDNA cloning, and this covers the kinase domain of a close relative or novel member of the PKC family (Housey et al., 1987) . The mRNAs for these polypeptides are differentially expressed (Knopf et al., 1986; Coussens et al., 1987; Brandt et al., 1987 , Ohno et al., 1987 and the high degree of conservation of these multiple subtypes in primates, rabbit, rodents and cattle suggests that there are specific functional differences between these polypeptides that provide an element of selectivity with respect to this signal transduction pathway. An understanding of how much selectivity might work is likely to come from a detailed biochemical analysis of the polypeptides. Studies along these lines in our laboratory have Abbreviation used: PKC, protein kinase C. encompassed both the separation of the naturally occurring subtypes in parallel with the large scale expression of individual subtypes. One of the more relevant findings from this work is that there is a substantial difference in the Ca2+ dependence of the subtypes. In particular PKC P I can express apparently full activity in the presence of d mM-EGTA (R. Marais & P. J. Parker, unpublished work). Clearly, in a cell type expressing only PKC-@,,, there would be no synergism between Ca2+ and diacylglycerol for the activation of PKC; there would in effect be no requirement for elevated cytosolic Ca2+ in order to activate fully the kinase. This situation requires that there is a reappraisal of the second messenger generating system.
In encompassing the widest possible scenario, it could be concluded that an agonist-induced phospholipase C attack on any membrane lipid that generates diacylglycerol will activate PKC-P!,,. Thus for example agonist-induced hydrolysis of phosphatidylinositol or phosphatidylcholine may lead to PKC-@,,, activation, as indeed may the action of insulin in inducing hydrolysis of phosphatidylinositol-glycan (Saltiel & Cuatrecasas, 1986) . This broad view of the second messenger production is likely to be tempered by a consideration of the actual diacylglycerols themselves since these will clearly vary in both acyl-chain length and saturation and any preference between PKC subtypes has yet to be established.
In conclusion, the agonist activation of the generalized PKC pathway may not be restricted to the generation of diacylglycerol from polyphosphoinositides, a number of alternative sources may be used at least in the selective activation of PKC-P!,,. This would contribute to the cell specificity of agonist responses that would be compounded by differences in the substrate specificity of these PKC subtypes. Contemporary interest in the enzyme phospholipase A2 (PLA2) understandingly is centred around its role in the release of unsaturated fatty acids as the precursors for other biologically active molecules such as the prostaglandins. However, the other products of the reaction, the lysophosphatides, and in particular lysophosphatidylcholine (LPC), are potent detergents which at high concentrations will solubilize most membranes with ease and which at lower concentrations will perturb membrane properties. Thus the reacylation of LPC is an important and significant aspect of phospholipid metabolism. Early interest in the 1-acyl phosphatides was in terms of their cytolytic activity (Gottfried & Rapport, 1963) , most studies being performed on the erythrocyte (see the review by Weltzien, 1979) . However, a wide range of membrane and hence cell properties, are disturbed on exposure of low concentrations of LPC, e.g. , 1977; Ngwenya & Yamamoto, 1985) . LPC was thought at one time to be involved in complement-mediated cytolysis, but this proved to be untenable (Kinsky, 1972) . With such divers potential for interaction with membranes, it is worth examining in detail the interaction of LPC with a specific membrane system, myelin, both in terms of its activity in vitro in solubilizing the purified membrane, and in vivo in producing demyelination. Following the report by Webster (1957) that LPC would completely clear homogenates of rat brain, we investigated the solubilization of purified rat brain myelin by LPC prepared from egg lecithin (Gent et al., 1964) . From these studies it was concluded that (i) a stoichiometric amount of LPC was required to completely solubilize the myelin (empirically defined as W,,,,,,, the weight of LPC required to solubilize completely the equivalent of 100 mg dry weight of myelin; approx. 40 mg/100 mg in the case of rat myelin), and (ii) the solubilization process was one of steady attrition of the membrane particles by the release of a lipid-protein-LPC ternary complex. The solubilization process is extremely rapid, being around 90% complete in 5 min at 37°C. It was concluded that the soluble complex represented a modular myelin lipoprotein complex with a molecular mass of 109 kDa. However, further studies revealed that the solubilization products were much more heterogeneous (Gent & Gregson, 1965; Gent et al., 1971a, b) , and that the process of solubilization was biphasic (Gent et al., 197 1 c). The ternary complexes were best resolved by isopycnic centrifugation on a sucrose gradient.
BIOCHEMICAL SOCIETY TRANSACTIONS
Two groups of complexes were resolved (Fig. 1 a) : a high density group (in rat myelin covering the density range from 1.034 to 1.054 g ~r n -~) showing strong light scattering and Abbreviations used: PLA2. phospholipase A2; LPC, lysophosphatidylcholine; MBP, myelin basic protein.
accounting for 40% of the protein, mostly myelin basic protein (MBP); and a low density group with a peak flotation density of 1.023 g cm-3 showing weak light scattering and representing the remainder of the protein (Gent et al.,  197 1 a) . Gel chromatography indicates that these complexes and anti-(GM1 ganglioside) ( -. -) sera. The absorbtion of anti-(GM1 ganglioside) antibody by the fractions was also measured by testing absorbed serum against GM1 ganglioside-antigen (.-).
